ABSTRACT. The evolutions of the Ground Level Enhancements (GLEs) of Oct. 28, 2003 (the famous Halloween event) and the subsequent Jan. 20, 2005 (a very large event in the declining phase of cycle 23) were examined. It was noticed that the Oct. 28, 2003 GLE was a very small one, in contrast to the large CR Forbush decreases and geomagnetic Dst storms that occurred the next day, on Oct. 29, 2003. These may not have the same origins. Hence, three more events were also studied, namely the largest GLE 5 of Feb. 23, 1956 (meager data), the second largest GLE 42 of Sep. 29, 1989, and the fourth largest GLE 45 of Oct. 24, 1989 (comparable to GLE 69, the third largest GLE of Jan. 20, 2005. For each, the plots of few-minute and/or hourly values as also the latitude-longitude distributions of the GLE magnitudes (percentage increases) were examined. It was noticed that at similar mid-latitudes, locations at different longitudes showed different latitude distributions of the magnitudes, indicating that events had longitudinal anisotropies, more in some events, less in others. Thus, the present paper illustrates a simple way of detecting anisotropies qualitatively. Only the maximum enhancement magnitudes were used, irrespective of the phases (maxima occurring at different times at different locations).
INTRODUCTION
One of the most spectacular solar phenomena is the Solar Flare, which is observed in the solar chromosphere, with a sudden release of very large amounts of energy. Solar flares produce electromagnetic emissions, accelerate electrons and ions and under favorable conditions, inject these into interplanetary space. There are two broad mechanisms, impulsive mechanisms that may have several stages, and acceleration mechanisms based on the passage of shock waves through the corona. The injection of energetic particles in space is termed in general as a SEP (solar energetic particle) event, or specifically, a SPE (solar proton event). Though it is often associated with large solar flares, sometimes, the association is with a disappearing filament without any accompanying flare (Kahler et al., 1986; Smart & Shea, 1989) . The particles have a large spread of energies and reach the Earth's orbit (1 AU) with a delay of a few tens of minutes to several hours. In earlier years, the SEP events were detected mainly by cosmic ray monitors (ionization chambers, meson telescopes, neutron monitors) which yielded very limited information; but with the advent of satellites, the information obtained is much larger. The events observed by instruments on the ground are termed GLEs (Ground Level Enhancements). The onset time and the maximum intensity of the solar particle flux depend on the heliolongitude of the flare with respect to the detection location in space. Particles move more easily along the interplanetary magnetic field lines, whose topology is determined by the solar wind outflow and the rotation of the Sun (approximately Archimedean spiral). The propagation of solar protons from the flare site to the Earth has two independent phases: (1) diffusion in the solar corona and (2) transport into the heliosphere along the interplanetary field lines. Assuming that the maximum flux occurs at the solar flare site, there would be a gradient extending into the corona from the solar flare site to other heliolongitudes. Spacecraft observations of solar particles have indicated such gradients, though the magnitudes vary from event to event (detailed references in Smart & Shea, 1989) .
Using data from different satellites, considerable details about the nature of SEPs (Solar energetic particles) and their nonuniform evolutions in time during the same event have been obtained (see review by Ryan et al., 2000) . In conjunction with simultaneous data for other radiations (X-rays, Gamma rays, e.g., Kuznetsov et al., 2005) . These are useful for modeling of solar flares.
GLEs are sharp increases in the ground-level cosmic ray count to at least 10 percent above background, associated with solar protons of energies greater than 500 MeV, and are relatively rare, occurring only a few times each solar cycle. When they occur, GLEs begin a few minutes after flare maximum and last for a few tens of minutes to hours. Intense particle fluxes at lower energies can be expected to follow this initial burst of relativistic particles. GLEs can be detected by cosmic ray neutron and meson monitors. Peg Shea (Emeritus, U.S. Air Force Research Labs. AFRL) has been compiling these events and numbering them, with Event 1 = 28 Feb. 1942 , Event 63 = 26 Dec. 2001 , and so on. Several individual events have been studied in detail so far (e.g., August 1972 events by Rao, 1976 ; the 1989 events by Reeves et al., 1992 and Lovell et al., 1998; July 14, 2000 event by Belov et al., 2005 . Information about GLEs collected so far is of two types, namely the physical aspects (time profiles, spectra etc., e.g., Shea & Smart, 1996) and statistical aspects (occurrence frequency etc.). Summarizing the results of 40 years data, Shea & Smart (1990) , stated that other than an increase in solar proton event occurrence with increasing solar cycle, no recognizable pattern could be identified between the occurrence of solar proton events and the solar cycle. In a recent publication, Shea & Smart (2001a) mention that the number of >10 MeV solar proton events with peak flux exceeding 10/cm 2 -sec-ster) during each solar cycle was remarkably constant for solar cycles 19-22, even though the total integrated fluence experienced at the Earth per solar cycle varied by a factor of four. In addition, the number of ground level enhancements each solar cycle also remained relatively constant. From the similarities between the first five years of solar cycle 23 and the first five years of solar cycle 20, they expected the majority of solar proton events to occur during years 5-8 of the 23 rd cycle (i.e. during 2000-2004) with perhaps a surge of activity during the waning years of the cycle. This expectation has come true. The 12-monthly average sunspot activity peaked around 120 du- (Bieber et al., 2005a,b; Flückiger et al., 2005; Miyasaka et al., 2005; Moraal et al., 2005; Sáiz et al., 2005; Timofeev et al., 2005; Vashenyuk et al., 2005a,b,c; Zhu et al., 2005) . The studies of these two events were about various aspects such as, time profiles (including anisotropies at different phases of evolution), ionic charge state compositions and spectra (e.g., Mewaldt et al., 2005) , probable relationships with specific flares and their evolution phases, with CMEs and ICME shocks etc., and even possibility of arrival of high energy neutrons (Bieber et al., 2005a; Struminsky, 2005a) . For GLE studies, the interpretation of the magnitudes of increases needs information about the vertical cutoff rigidities, which seem to have changed with time due to secular changes in geomagnetic field (Shea & Smart, 2001b) , response functions of the neutron monitors (including angle dependent yield functions, e.g., Clem & Dorman, 2000) , as also about the asymptotic coordinates due to deflection in geomagnetic field (e.g., Tsyganenko, 1989) . All these can be used for a theoretical modeling of the transport of solar material (e.g., Fedorov et al., 2002) up to the cosmic ray detectors. Apart from unusual intensity profiles and anisotropies generally in the initial phase of a GLE (e.g., Shea & Smart, 1996) , statistical studies are reported, which have indicated arrival of particles along the IMF (interplanetary magnetic field) lines, though some discrepancies are often seen (Belov et al., 2001 . Miroshnichenko et al. (2005) reported particle arrival from the anti-sunward direction also. For spectra, the neutron monitor data are not very useful as these are in the comparatively high energy tail of a SPE. Satellite data for very low energy particles (protons as well as heavier ions, Cohen et al., 2005) are the most useful and often show double-power law formalism Struminsky, 2005b) . Gopalswamy et al. (2005) reported that GLE-associated CMEs represented the fastest known population of CMEs and all the GLEs were associated with metric Type II bursts, and particle acceleration occurred in CME-driven shocks before GLEs were released from the Sun (apparently, in disagreement with Simnett, 2006) . Since the arrival direction is from sunward, the anisotropies should show as longitudinal phase differences for similar latitudes. The GLE phenomenon can be studied and is studied in a very sophisticated way (geomagnetic bending, energy dependence, pitch angle distribution, etc.) by several workers for several individual events. However, in the present communication, the intensity-time profiles and the latitude-longitude distributions of the magnitudes of the increases are examined in a simple qualitative way for the two GLEs of October 28, 2003 and . So, sophistications are mentioned in the text but not used for analysis. 
DATA PLOTS
Neutron monitor data were obtained mostly from the NOAA website (SPIDR), though some were obtained privately. On the occasion of the 50 th anniversary of the famous Feb. 23, 1956 GLE event (Meyer et al., 1956 , it may be interesting for the modern generation to have a look at the intensity-time plot of this event.
The event was so strong that even meson telescopes in India showed increases of a few percent (Sarabhai et al., 1956; Kane & Ahluwalia, 1957 (3) The observations are mostly for 15-minute intervals, but for Ottawa, 1-min values were available and these show a start of the GLE at 03:52 UT. The maximum could have occurred at 4:05 UT but the data were interrupted thereafter. However, these timings do not seem to be the same at all locations, where the intensities were at zero level at 3:30 UT but were already high at 3:45 UT (vertical dashed line). For Leeds (0 • E), Mt. Norikura (138 • E) and Mexico City (261 • E), the maximum was near 3:45 UT, for Huancayo (285 • E), it was earlier (even at 3:30 UT), while for others (Ottawa 284 • E, Chicago 272 • E, Climax 254 • E, Albuquerque 253 • E, Sacramento Peak 254 • E, USS Arneb 175 • E), the maxima were ∼15 minutes later, near 4:00 UT. Thus, in these limited data, no clear longitude effect is seen, and precipitation could be partly erratic (even allowing for geomagnetic bending). It should be noted that the incoming particle radiation has a very wide spectrum and lower energy particles suffer larger geomagnetic deflections. full circle) started at ∼11:00 UT. The GLE had increases of 3-7% in the northern hemisphere, starting between 11:32 and 11:40 UT, but with maximum at widely different times, some occurring even in the next hour (Fort Smith, 12:50 UT). However, magnitudes were much larger in the southern polar region (McMurdo 39%, South Pole 11.5%), indicating an overwhelming preference for precipitation in the southern hemisphere, but mainly near the poles. At McMurdo, the event lasted for only ∼70 minutes (peak at 11:52 UT), but at other locations (including the South Pole), it lasted for more than an hour (several hours as shown later). Thus, even in a small region near the South Pole, precipitation was qualitatively and quantitatively different.
(B) Event of Jan. 20, 2005: A solar flare (indicated by a big full circle) started at ∼06:40 UT. This event had increases several tens to hundreds of times larger than those in the Oct. 28, 2003 event, all starting at ∼6:50 UT. The event was short-lived (rise time <10 minutes, but Thule had a long rise time of 35 minutes). Increases were 100-300% in the northern hemisphere. However, magnitudes were enormous in the southern polar region, (McMurdo 2700%, South Pole 4860%, in 3 min), indicating an overwhelming preference for precipitation in the southern hemisphere. In this case, the evolution near the South Pole region was at least qualitatively similar. The cosmic ray depression seems to have occurred at different time intervals at different latitudes and longitudes indicating considerable anisotropies, but the depression seems to have ended just before the GLE beginning at ∼11 UT at all locations; so, no interference is expected, and the GLE magnitudes are estimated as above the base level at ∼0 UT, before the cosmic ray decrease. The GLE was strong in high latitudes, hourly magnitudes ∼5% in North and ∼11% in the South, and was long-lasting, almost 7-8 hours at an almost constant level, declining slowly thereafter. (At some locations, e.g., Tbilisi and Erevan, ∼40 • N, 45 • E; Athens, 40 • N, 24 • E, there were positive deviations instead of the decrease in the pre-GLE interval 06-11 UT. We do not know whether this is due to data error, or the CR decrease did not occur at these locations and showed instead as a CR increase).
(B) Event of Jan. 20, 2005: This was a short-lived GLE, with main increase during 06-07 UT and a rapid fall thereafter. Magnitudes of hourly values were ∼80-150% in high northern latitudes (∼20-30 times larger than in the Oct. 28, 2003 event) and ∼280-480% in high southern latitudes (again ∼20-30 times larger than in the Oct. 28, 2003 event).
From Figures 3 and 4 , it seems that large anisotropies occurred in the first 60 minutes and the evolutions were different at different locations, with durations notably longer at Thule. Oct. 28, 2003; Jan. 20, 2005; Sep. 29, 1989; and Oct. 24, 1989 respectively. Vertical cut-off rigidities depend upon the geomagnetic reference field which is having a secular variation. The values mentioned are for 1995 (Shea & Smart, 2001b In the October 28, 2003 event, the evolution was different for McMurdo and South Pole, but in the event, the evolutions were similar. In hourly values, there were probably no major anisotropies, except that there was a major NorthSouth anisotropy, with southern polar region receiving much larger flux than the northern polar region. To see whether different GLEs have increases in the same proportions at various locations, Belov et al. (2005) plotted the GLE peak enhancements of GLE 59 (July 14, 2000) versus those of GLE 52 (June 15, 1991) and found that these were of comparable magnitudes and were very well correlated (+0.97). In the present case, the magnitudes at the various locations were 20-30 times larger in the Jan. 2005 event. Figure 5 shows a plot of the maximum values of the Jan. 20, 2005 event (GLE 69, ordinate) versus those of the Oct. 28, 2003 event (GLE 65, abscissa). As can be seen, in the upper part where hourly values were used, the correlation is +0.81, not very large mainly because of the scatter in the middle range (marked in an oval). The slope is 29.9±3.9, indicating that the GLE 69 hourly maxima were ∼26-33 times larger than those of GLE 65. In the lower part of Figure 5 Figure 6 shows the approximate magnitudes of the GLE 65 (Oct. 28, 2003) at the various locations (latitudes and longitudes) by five symbols. As can be seen, all large magnitudes (big full circles and squares) are at high latitudes, spread at all longitudes in the northern hemisphere (implying very little longitudinal anisotropy), and with larger values in the southern polar region (NorthSouth asymmetry). South Pole does not have a longitude and is shown as at 0 longitude with arrows showing its extension to other longitudes. Figure 7 shows a similar plot for GLE 69 (Jan. 20, 2005) using five symbols, but with magnitudes much larger than those in Figure 6 . Here too, large values are at higher latitudes but these are mostly in the longitudes 0-90 • W, indicating considerable longitudinal anisotropy. Again, values in the southern polar region are higher. Figure 8 shows plots of percentage magnitudes of GLE increases (ordinate is log scale) versus latitudes of various locations, with longitudes marked by different symbols (180 • E-300 • E, full circle; 105 • E-180 • E, open circle; 60 • E-105 • E, triangle; 0-60 • E, cross). The top plot is for GLE 65 (Oct. 28, 2003) . In the southern hemisphere, there are very few locations, but in the northern hemisphere, the points seem to lie on two distinct loops. If these were for locations of different longitudes (different symbols), it would have been a clear indication of longitudinal anisotropies. But the lower loop has the locations (all crosses) with small magnitudes: Kiel (10 • E; 1.4%), Lomn. Stit (20 • E; 0.8%), Jungfraujoch (08 • E; 0.3%), Rome (12 • E; 0.1%), while the upper loop also has crosses but larger magnitudes: Erevan (44 • E; 4.0%), Tbilisi (45 • E, 3.1%), Athens (24 • E, 2.2%). Thus, within a small longitude range from ∼20 • E to 45 • E, magnitudes increased substantially, an embarrassing situation. In Figure 4 left half, the locations Rome, Erevan, Tbilisi and Athens showed abnormal increases in the pre-GLE interval 06-11 UT, in contrast to CR Forbush type decreases at other locations. Thus, the situation of these four locations seems to be unusual. Whether there are any data errors is a moot question, but these could not be at all the four locations simultaneously. We do not understand the reason but we hesitate to assert a sharp anisotropy in such a small longitude difference (only 20 • ).
LATITUDE AND LONGITUDE EFFECTS
The middle plot in Figure 8 shows the cut-off rigidities (Shea & Smart, 2001b , for the year 1995) and the vertical dashed line indicates that below about 50 • latitude and above a cut-off rigidity of ∼3 GV, the GLE magnitudes decrease rapidly. The plot in the lower part of Figure 8 is for GLE 69 (Jan. 20, 2005) . Locations in the southern hemisphere are very few, but in the northern hemisphere, there is a clear loop with clear separation of symbols. Locations in the longitude range 180 • E-300 • E (full circles) have larger GLE magnitudes as compared to other longitudes, a clear longitudinal anisotropy. Since these plots are of magnitudes versus latitude and therefore of magnitudes versus cut-off rigidities, these can also be considered as Energy Spectra of SEPs but in a very limited high energy range, and with considerable uncertainty.
The Oct. 28, 2003 event was chosen for analysis because the October-November 2003 interval (Halloween events) has become famous for intense, multiple solar activity, and a very strong Forbush decrease occurred on Oct. 29. However, the GLE 65 of Oct. 28, 2003 seems to be a very mild event compared to the GLE 69 of Jan. 20, 2005 , which in turn was very much smaller than the GLE 5 of Feb. 23, 1956 (largest GLE on record) . How are the other GLEs, are they small like GLE 65 or large like GLE 69 or spread all over the range? All the GLEs were examined for their magnitudes. GLEs 1, 2, 3, 4 (1942 GLEs 1, 2, 3, 4 ( -1949 occurred before the advent of neutron monitors. Since 1953, data for Climax and Huancayo-Haleakala are available for all events up to date. It was noticed that many events were small like the GLE 65, and there were few giants. These are listed in Table 2 , in (roughly) decreasing order of their magnitudes for the common location Climax; but magnitudes at Huancayo-Haleakala and Thule, McMurdo and South Pole and their ratios are also given. As can be seen, the top first event was far stronger than anything that followed. The statements of Vashenyuk et al. (2005a) and Mewaldt et al. Table 2 . The ratios indicate great variability. South Pole has magnitudes larger than McMurdo, and the ratios are within 1-2, probably because McMurdo is at sea level, while South Pole is at an altitude of 2820 m above sea level, though there could be differences due to different asymptotic directions also. However, ratios of McMurdo and/or South Pole to Thule are in a very wide range, indicating an easier access to the southern polar region in largely varying degrees. Since the second event is large, plots of hourly values for neutron monitors at high latitudes (>50 • latitude) for this event (GLE 42 of Sep. 29, 1989) are shown in Figure 9 , left half. For comparison, plots for the smaller event GLE 45 of Oct. 24, 1989 are shown in the right half of Figure 9 . As can be seen, GLE 42 had a maximum at 12-14 UT of Sept. 29, 1989 and lasted for 5-6 hours. The smaller event GLE 45 had a maximum at 19-20 UT of Oct. 24, 1989 and also lasted for 5-6 hours. Sep. 29, 1989 (left half) and Oct. 24, 1989 (right half). For Sep. 29, 1989 , the GLE started at ∼11 UT and lasted for a few hours. For Oct. 24, 1989, the GLE started at ∼18 UT and lasted for a few hours. Numbers indicate magnitudes of the maximum increase in percentages.
Observations of relativistic solar protons during GLEs typically begin with a rapid, anisotropic onset, with most particles moving anti-Sunward along the interplanetary magnetic field. Because of pitch-angle scattering, which eventually leads to spatial diffusion, the distribution becomes more isotropic with time, and gradually decreases (or decays) as particles diffuse out of the inner heliosphere. GLE parameters during the initial phase of the event can be calculated for example, according to the method by Smart et al. (1971) and Debrunner & Lockwood (1980) . For the evaluation of the asymptotic directions and the cutoff rigidities for each NM location including effects of local time position and geomagnetic activity, the GEANT4 program MAGNETOCOS-MICS (http://reat.space.qinetiq.com/septimess/magcos/, contact Laurent Desorgher) can be used. Duldig (2001) has given complete details of all these processes and of the methodology of how to allow for geomagnetic deflections and how to model the global GLE response. Some events present a more complicated picture, e.g., the GLE 44 of Oct. 22, 1989 in Duldig, 2001 also, not considered here as the event was small, Climax increase only ∼10%) had a highly anisotropic spike at onset, while a second peak (hump) had bidirectional fluxes. The spike and hump may be explained in terms of a disturbed plasma region beyond Earth that scattered particles back. Inside the magnetosphere, deflection in geomagnetic field causes the effect to be seen at various longitudes simultaneously, though magnitudes may differ. Also, the UT hour of the event decides which longitudes (and therefore, which monitors) would see the largest magnitudes. However, the energy spectrum of different events may be different. Hence, the longitudinal patterns in different events can be very different from each other. In Figure 9 , the percentage magnitudes for every location are indicated for both the events (GLE 42 in the left half, GLE 45 in the right half), and their ratios (magnitude of GLE 42/magnitude of GLE 45) are indicated in the right half of Figure 9 . As can be seen, the ratios vary in a very wide range 2-12, indicating a considerable lack of similarity in their evolutions. Figure 10 shows the latitude distributions of the magnitudes (ordinate, log scale), with different longitude belts shown by different symbols. In the top plot for GLE 42 (the strong event of Sep. 29, 1989) , the mid-latitude northern American longitudes (full dots) seem to have larger magnitudes as compared to the other longitudes. In the bottom plot for GLE 45 (the weaker event of Oct. 24, 1989) , there are three distinct groups of longitudinal distributions. Thus, considerable longitudinal anisotropies are indicated by differences in magnitudes. Using information about geomagnetic deflections, the direction in space can be guessed as is done in the sophisticated analyses by many workers.
CONCLUSIONS AND DISCUSSION
The main purpose was to examine in a simple way (no sophistications) the evolutions of the Ground Level Enhancements (GLEs) of Oct. 28, 2003 (the famous Halloween event) and the subsequent Jan. 20, 2005 (a very large event in the declining phase of cycle 23). It was noticed that the Oct. 28, 2003 GLE was rather a small one (in contrast to the large CR Forbush decreases and geomagnetic Dst storms that occurred the next day, on Oct. 29, 2003) . Hence, three more events were also studied, namely the largest GLE 5 of Feb. 23, 1956 (meager data) , the second largest GLE 42 of Sep. 29, 1989 , and the fourth largest GLE 45 of Oct. 24, 1989 (comparable to the third largest GLE 69 of Jan. 20, 2005) . For each, the plots of few-minute and/or hourly values as also the latitude-longitude distributions of the GLE magnitudes (percentage increases) were examined. It was noticed that at similar mid-latitudes, locations at different longitudes showed different latitude distributions, indicating that events had longitudinal anisotropies, more in some events, less in others. Thus, the present paper illustrates a simple way of detecting anisotropies in a qualitative way. Incidentally, in the present case, only the maximum enhancement magnitudes were used irrespective of the phases (maxima occurring at different UT times at different locations). If simultaneous magnitudes are used as these occurred at specific UTs in succession, more details could be studied such as changes in the characteristics (spectra etc., or multiple populations) of the incoming particles, as is done in sophisticated analyses done by several workers. The present approach may be considered as a first look at a complex phenomenon.
From the satellite data of GOES-12 and GOES-11, it seems that the Forbush decrease of Oct. 29, 2003 was related to a CME emitted 5 days earlier, while the GLE of Oct. 28, 2003 was due to a prompt flare emission. Thus, these had different origins and hence their magnitudes could be unequal. During the last week of October 2003, so many solar features occurred that pinpointing the origins of the GLE of Oct. 28, the FD of Oct. 29 and the mild CR decrease immediately before the Halloween event has become a confusing issue.
During the two GLE events of Oct. 28, 2003 and Jan. 20, 2005 , the GOES X-ray prompt emission was of approximately the same power, but the GLE of Jan. 20, 2005 was much larger than the GLE of Oct. 28, 2003. The reason may probably be related to the different helio longitudes of the two flares with respect to the detection on the Earth. The pitch angle distribution and its temporal evolution may also be important. This needs a deeper study, beyond the limited scope and purpose (simplicity) of the present paper.
These conclusions from a simple examination are in general agreement with the conclusions obtained from detailed, sophisticated statistical analyses by several workers. Some details have been reported by other workers using 1-minute data. Thus, for the Oct. 28, 2003 event, Struminsky (2005a ; Bieber et al. (2005a) found that for the Tsumeb neutron monitor (19 • S, 18 • E), a neutron injection was recorded at 11:04 UT which lasted for 9 minutes and the proton injection began at 11:11 UT and lasted over an hour. In our case, Tsumeb hourly values showed virtually no variation (Fig. 4 left half, 22 nd plot). In some analyses, main data used were from satellites, and neutron monitor data were used only in a complementary way (e.g., Kuznetsov et al., 2005) , notably for spectral analysis (e.g., Mewaldt et al., 2005; Struminsky, 2005b) . However, some analyses were done mainly from neutron monitor data in a rigorous way. Belov et al. (2005) analysed the Jan. 20, 2005 event and noted that the flux of relativistic protons reached the Earth at ∼6:50 UT on Jan. 20, and at southern polar stations, the flux was about several thousands of percentages. The characteristics of the cosmic ray energy spectrum, anisotropy, differential and integral fluxes were obtained using anisotropic and compound models of solar cosmic ray variations. It was found that anisotropy contribution dominated during the first 15-20 minutes and quickly decreased along the time.
First particles came by a narrow beam from south-west direction, and the flux along the IMF force line started to dominate only some time later. Similar studies for the two events (Oct. 28, 2003 and Jan. 20, 2005) 20, event, Flückiger et al. (2005 mention that the initial pulse appeared to be a pencil beam of particles, although from the start of the event a bi-directional flux was also present. Sáiz et al. (2005) also found indication of two enhancements in particle flux at Earth, the second of which had a much lower anisotropy. A 2% increase was reported for a location in Tibet (30 • N, 91 • E), indicating a very hard spectrum (Miyasaka et al., 2005; Zhu et al., 2005) . Some workers (private communication) have mentioned to us that there are not two populations but a single population, arriving at the Earth with different pitch angles and the tail of the pitch angle distribution is 180 • (antisunward direction). Obviously such fine details cannot be detected by the simple method illustrated by us in the present paper. Whereas the above analyses are highly sophisticated, they are very arduous and often seem to lead to ambiguous, uncertain results, slightly different between different workers, probably due to the very nature of the methodology. It should be remembered that GLEs are not a basic phenomena. They are distorted and filtered forms of the basic solar phenomena SEP (solar energetic particles) and depict only the comparatively high energy tail. Therefore, the information obtained about SEP from the GLE data is something like describing an elephant by examining its tail only. Substantial, reliable information about SEP characteristics can be obtained only from satellite data where effects of geomagnetic bending etc. do not exist. Even here, the SEPs emitted from the Sun may suffer some distortion during the transit and one has to guess how much the distortion could have been. With groundbased neutron monitors, things are much more complicated. Lot of effort is needed to find out the direction of arrival, but even if correctly estimated, this has hardly any relevance to the physics of SEPs. The polar regions see the largest effects, but instruments in the polar region are very few, due to logistic difficulties. Bieber et al. (2002) mention a 'Spaceship Earth' network of polar neutron monitors, and in addition to the standard NM64 neutron monitor, the observing station at South Pole includes a set of counters that are without the usual lead shielding. These "polar bare" detectors have a lower energy response than the NM64, which enables us to derive spectral information by comparing the relative response of the two types of detector to a solar particle event. One would have hoped that matters would improve with time in future, but Roger Pyle of Bartol Research Institute said recently, "We regret to announce that the South Pole neutron monitor was closed on November 22, 2005, at the direction of NSF's Office of Polar Programs". A terrible loss indeed due to the availability of satellite data, the role of neutron monitors in the study of GLEs has been somewhat diluted, but hybrid study using the satellite data in conjunction with ground data may probably give a better insight. Nevertheless, the first observation of the gigantic event of Feb. 23, 1956 by neutron monitors half a century back, leaves a nostalgic memory of the unprecedented increase of several thousand percent, far larger than the sunspot cycle variations or Forbush decreases which hardly exceed fifty percent. The event not only aroused the curiosity of the scientific world, but gave a tremendous stimulation to cosmic ray research by aiding the large effort that followed during the IGY years 1957-1958. 
